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(54) [Title of the Invention] Inkjet Recording Head 
(57) [Abstract] 

[Object] To provide an inkjet recording head having a structure 
which restrains an overshoot phenomenon at a discharge port in 
the case of filling a nozzle with an ink and promptly restores 
a meniscus back to a stable state of the discharge port. 
[Solution] An ink discharge nozzle 9 includes a throttle portion 
9a of which a nozzle diameter is throttled at the minimum, in 
which the throttle portion 9a serves as a change-of-diameter 
point, and the nozzle diameter extending toward the 
change-of-diameter point f roma side of an air-bubbles generating 
chamber 2 contracts in taper in a discharging direction but 
expands in taper in the discharging direction at the 
change-of-diameter point as a turning point. A cone angle of 
the expanded portion is set smaller than a contact angle of the 
ink with a plate member of the discharge port, whereby the ink 
fills the discharge nozzle up to its front end. 
[Selected Drawing] FIG. 3 



[Scope of Claims] 
[Claim 1] 

An inkjet recording head comprising: a plurality of 
electrothermal converting elements for generating air-bubbles 
in a liquid with thermal energy; a plurality of air-bubbles 
generating chambers in which said electrothermal converting 
elements are disposed; a plurality of supply paths for leading 
the liquid to each of said air-bubbles generating chambers; and 
a plurality of nozzles via which said respective air-bubbles 
generating chambers are communicated with the outside of said 
head, wherein said nozzle includes a contracted portion of which 
a diameter contracts in a liquid discharging direction; and an 
expanded portion of which a diameter expands up to a front end 
of said nozzle in the liquid discharging direction from a point 
over said contracted portion, and the liquid fills said nozzle 
up to the front end thereof. 
[Claim 2] 

An inkjet recording head according to claim 1, wherein a 
diameter-unchanged portion exists between said contracted 
portion and said expanded portion. 
[Claim 3] 

An inkjet recording head comprising: a plurality of 
electrothermal converting elements for generating air-bubbles 
in a liquid with thermal energy; a plurality of air-bubbles 
generating chambers in which said electrothermal converting 
elements are disposed; a plurality of supply paths for leading 
the liquid to each of said air-bubbles generating chambers; and 
a plurality of nozzles via which said respective air-bubbles 
generating chambers are communicated with the outside of said 
head in a direction intersecting a plane on which to dispose 
said respective electrothermal converting elements, wherein 
said nozzle includes a fluid control portion which controls a 
flow of the liquid; and an expanded portion of which a diameter 
expands in a liquid discharging direction from a point over said 
fluid control portion. 
[Claim 4] 

An inkjet recording head according to any one of claims 1 
through 3, wherein a surface of a substrate formed with said 
air-bubbles generating chambers, said supply paths and said 
nozzles is provided with a water-repellent material , andanozzle 
length, in a vertical direction of said substrate, of said 
expanded portion of said nozzle is larger than a thickness of 
said water-repellent material. 
[Claim 5] 

An inkjet recording head according to any one of claims 1 
through 4, wherein the angle, of said expanded portion of said 
nozzle, to a vertical line of said substrate is smaller than 
the contact angle between the liquid and said substrate. 
[Claim 6] 
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An inkjet recording head according to any one of claims 1 
through 4, wherein the angle, of said expanded portion of said 
nozzle, to the vertical line of said substrate is equal to smaller 
than 30 degrees. 
[Claim 7] 

An inkjet recording head according to any one of claims 1 
through 6, wherein a nozzle length, in the direction of the 
vertical line of said substrate, of said expanded portion of 
said nozzle is lum to 5um. 
[Claim 8] 

An inkjet recording head comprising: a plurality of 
electrothermal converting elements for generating air-bubbles 
in a liquid with thermal energy; a plurality of air-bubbles 
generating chambers in which said electrothermal converting 
elements are disposed; a plurality of supply paths for leading 
the liquid to each of said air-bubbles generating chambers; and 
a plurality of nozzles via which said respective air-bubbles 
generating chambers are communicated with the outside of said 
head, wherein a diameter of the meniscus of the ink, which is 
formed at the front end of said nozzle, is larger than a minimum 
diameter of said nozzle. 
[Claim 9] 

An inkjet recording head comprising: a plurality of 
electrothermal converting elements for generating air-bubbles 
in a liquid with thermal energy; a plurality of air-bubbles 
generating chambers in which said electrothermal converting 
elements are disposed; a plurality of supply paths for leading 
the liquid to each of said air-bubbles generating chambers; and 
a plurality of nozzles via which said respective air-bubbles 
generating chambers are communicated with the outside of said 
head, wherein said nozzle includes a contracted portion of which 
a diameter contracts in a liquid discharging direction; and an 
expanded portion of which a diameter expands up to a front end 
of said nozzle in the liquid discharging direction from a point 
over said contracted portion, and the liquid fills said nozzle 
up to the front end thereof, and a volume of a discharge liquid 
droplet is determined not by an aperture diameter of the front 
end of said nozzle but by a minimum diameter of said nozzle. 
[Claim 10] 

An inkjet recording head according to any one of claims 1 
through 9, wherein said expanded portion is formed by 
dry-etching . 
[Claim 11] 

An inkjet recording head according to any one of claims 1 
through 10, wherein said inkjet recording head discharges the 
ink in a way that communicates the air-bubbles with the 
atmospheric air. 

[Detailed Description of the Invention] 
[0001] 
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[Technical Field of the Invention] 

The present invention relates to an inkjet recording head 
generating ink droplets by discharging an ink and used for 
an inkjet recording apparatus which performs recording. 
[0002] 

[Description of the Prior Arts] 

A printing apparatus such as a printer, a copying machine 
and a facsimile is constructed to print, based on image 
information, images consisting of dot patterns on a print 
medium like paper, a plastic thin plate or fabrics. 

[0003] 

Such a printing apparatus can be classified into an inkjet 
type, a wire dot type, a thermal type and a laser beam type 
depending on a printing method thereof. 
[0004] 

The inkj et type printing apparatus among these types prints 
(records) the image by discharging the ink onto the print 
medium from a print head. The inkjet type printing apparatus 
has advantages such as being capable of printing 
high-definition images, further reducing noises because of 
a non-impact type and, besides, facilitating the printing 
of color images by using multi-color inks. Particularly, 
an effective/type in the inkjet types is a so-called bubble 
jet type which discharges the inks from the nozzles with 
air-bubbles generating energy when the inks are film-boiled 
by heaters. 
[0005] 

Moreover, the bubble jet print type entails being driven 
at a high frequency in order to realize a high-resolution 
and high-speed printing. Such being the case, a discharge 
portion is required to be refilled with the ink at a high 
speed after discharging the ink from the discharge portion 
of the inkjet print head. 
[0006] 

FIG. 13 illustrates an inkjet recording head of the bubble 
jet print type. As illustrated in FIG. 13, the bubble jet 
print head includes a heater 102 defined as the electrothermal 
converting element, which is provided on an upper layer of 
a substrate 101. Provided above the substrate 101 is a 
flat-plate-like flow path constructive member 107 which 
configures an ink air-bubbles generating chamber 103 as a 
spatial portion positioned above the heater 102, an ink 
discharge nozzle 104 for discharging the ink in a predetermined 
direction from the air-bubbles generating chamber 103 and 
an ink supply path 106 leading the ink to the air-bubbles 
generating chamber 103 from an ink supply chamber 105. It 
should be noted that a portion extending from the air-bubbles 
generating chamber 103 to a discharge port as an aperture 
via which the ink droplets are discharged to the outside of 
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the head is referred to as an ink discharge nozzle in the 
present specification. 
[0007] 

[Problems to be solved by the invention] 

In the bubble jet print type as depicted in FIG . 13 , however, 
at first, after discharging the ink droplets from the ink 
discharge nozzle 104, the meniscus is recessed as depicted 
in FIG. 13 (a) but returns to the front end of the ink discharge 
nozzle 104 by dint of a capillary pressure as illustrated 
in FIG. 13(b), thus performing the refilling. In the case 
of conducting the refilling at a high speed thereat, it is 
known that the ink in a direction as indicated by an arrowhead 
in FIG. 13 (b) rises in its flow velocity and, after returning 
to the front end of the ink discharge nozzle 104, is further 
overshot with inertia thereof as illustrated in FIG. 13(c) . 
[0008] 

Then, in the case of overshooting, if the flow velocity 
at that time is fast, the ink overflows from a peripheral 
edge of a discharge port 108, resulting in occurrence of a 
phenomenon that the ink is adhered to the periphery of the 
discharge port 108 of the surface of the flow path constructive 
member 107. With this phenomenon, the ink to be discharged 
is pulled by the adhered ink when discharged with the result 
that the discharging direction is deflected, or alternatively, 
if the. adhered ink is large, the ink is not discharged as 
the case may be. Further, it proved from continuous 
examinations of the present inventors that this adhering 
phenomenon is easier to occur as an area of the discharge 
port becomes smaller. Such being the case, the inventors 
made the detailed examinations about a relationship with the 
area of the discharge port in regards to this phenomenon and 
found it out that the leakage is easier to occur with the 
smaller area of the discharge port because of a small quantity 
with which the overshot ink can be retained. Namely, even 
in the case where the flow velocity of the ink filling the 
discharge port is the same, the leakage is easier to occur 
with the smaller area of the discharge port. 
[0009] 

Further, in the case of continuously reducing the volume 
of the liquid droplets, a dot size of the droplet on the print 
medium decreases, and the print resolution becomes much higher, 
It is, however, required that the ink be discharged at a high 
frequency in order to keep or further increase the print speed. 
The flow velocity of the ink filling the discharge port at 
the front end of the ink discharge nozzle is, however, required 
to be set faster in order to enable the ink to be discharged 
at the higher frequency. Then, the volume of the discharge 
droplet is different in the case of the convex meniscus and 
in the case of the concave meniscus due to the overshooting, 
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and a dot shape on the print medium is disturbed due to a 
difference in shape between a main droplet and a satellite 
droplet. Moreover, the case of reducing the size of liquid 
droplet largely affects the disturbance of the dot shape due 
to a scatter in volume between the main droplet and the 
satellite droplet on account of the smallness of the dot size. 
[0010] 

Further, a meniscus M has hitherto taken, as illustrated 
in FIG. 14(a), the concave shape at the discharge port 108. 
Therefore, especially in the case of reducing the size of 
the droplet, the volume of the discharge droplet is varied 
on a per discharge-port basis and is thus not stabilized. 
[0011] 

Moreover, in the inkjet recording head in which the whole 
ink discharge nozzle takes a reverse-tapered shape, the aperture 
diameter of the ink discharge nozzle expands toward the discharge 
port, and hence a pressure of the fluid by the air-bubbles 
generating power tends to reduce. Therefore, the discharge 
speed decreases, and the ink flow at the ink discharge nozzle 
is disturbed, resulting in a problem that the discharge becomes 
unstable . 
[0012] 

Moreover, in the case of conducting the filling of the ink 
at the high speed, the meniscus M at the discharge port does 
not invariably return horizontally but returns, because of the 
largeness of the horizontal flow of the ink from the side of 
the ink flow path, in an inclined state as illustrated in FIG. 
14 (b) . It is therefore considered that an adverse effect occurs 
such as the discharge characteristic becoming unstable due to 
the inclined state of the meniscus just before the discharge. 
[0013] 

Further, for decreasing the size of the liquid droplet, 
a resistance of the flow in the discharging direction becomes 
higher as the area of the discharge port is made smaller, 
and, when discharged at a time interval, viscosity of the 
ink rises due to evaporation of the ink within the ink discharge 
nozzle, with the result that the first shot of discharge gets 
into a failure, and precision of a point-of -impact is lowered. 
[0014] 

It is an object of the present invention to provide, in 
view of the problems inherent in the prior arts described 
above, an inkjet recording head having a structure which 
restrains an overshoot phenomenon at a discharge port in the 
case of filling a nozzle with an ink and promptly restores a 
meniscus back to a stable state of the discharge port. 
[0015] 

[Means for solving the Problems] 

A first invention for accomplishing the object described 
above is an inkjet recording head comprising: a plurality of 
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electrothermal converting elements for generating air-bubbles 
in a liquid with thermal energy; a plurality of air-bubbles 
generating chambers in which the electrothermal converting 
elements are disposed; a plurality of supply paths for leading 
the liquid to each of the air-bubbles generating chambers; and 
a plurality of nozzles via which the respective air-bubbles 
generating chambers are communicated with the outside of the 
head, wherein the nozzle includes a contracted portion of which 
a diameter contracts in a liquid discharging direction; and an 
expanded portion of which a diameter expands up to a front end 
of the nozzle in the liquid discharging direction from a point 
over the contracted portion, and the liquid fills the nozzle 
up to the front end thereof. 
[0016] 

In the ink jet recording head, a diameter-unchanged portion 
may exist between the contracted portion and the expanded 
portion . 
[0017] 

A second invention is an inkjet recording head comprising: 
a plurality of electrothermal converting elements for generating 
air-bubbles in a liquid with thermal energy; a plurality of 
air-bubbles generating chambers in which the electrothermal 
converting elements are disposed; a plurality of supply paths 
for leading the liquid to each of the air-bubbles generating 
chambers; and a plurality of nozzles via which the respective 
air-bubbles generating chambers are communicated with the 
outside of the head in a direction intersecting a plane on which 
to dispose the respective electrothermal converting elements, 
wherein the nozzle includes a fluid control portion which 
controls a flow of the liquid; and an expanded portion of which 
a diameter expands in a liquid discharging direction from a point 
over the fluid control portion. 
[0018] 

In the first and second inventions, it is preferable that 
a surface of a substrate formed with the air-bubbles generating 
chambers, the supply paths and the nozzles is provided with a 
water-repellent material, and a nozzle length, in a vertical 
direction of the substrate, of the expanded portion of the nozzle 
is larger than a thickness of the water-repellent material. 
[0019] 

Further, it is preferable that the angle, of the expanded 
portion of the nozzle, to a vertical line of the substrate is 
smaller than the contact angle between the liquid and the 
substrate . It is also preferable that the angle, of the expanded 
portion of the nozzle, to the vertical line of the substrate 
is equal to smaller than 30 degrees. Still further, it is 
preferable that a nozzle length, in the direction of the vertical 
line of the substrate, of the expanded portion of the nozzle 
is lum to 5um. 
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[0020] 

A third invention is an inkjet recording head comprising: 
a plurality of electrothermal converting elements for generating 
air-bubbles in a liquid with thermal energy; a plurality of 
air-bubbles generating chambers in which the electrothermal 
converting elements are disposed; a plurality of supply paths 
for leading the liquid to each of the air-bubbles generating 
chambers; and a plurality of nozzles via which the respective 
air-bubbles generating chambers are communicated with the 
outside of the head, wherein a diameter of the meniscus of the 
ink, which is formed at the front end of the nozzle, is larger 
than a minimum diameter of the nozzle. 
[0021] 

A fourth invention is an inkjet recording head comprising: 
a plurality of electrothermal converting elements for generating 
air-bubbles in a liquid with thermal energy; a plurality of 
air-bubbles generating chambers in which the electrothermal 
converting elements are disposed; a plurality of supply paths 
for leading the liquid to each of the air-bubbles generating 
chambers; and a plurality of nozzles via which the respective 
air-bubbles generating chambers are communicated with the 
outside of the head, wherein the nozzle includes a contracted 
portion of which a diameter contracts in a liquid discharging 
direction; and an expanded portion of which a diameter expands 
up to a front end of the nozzle in the liquid discharging direction 
from a point over the contracted portion, and the liquid fills 
the nozzle up to the front end thereof, and a volume of a discharge 
liquid droplet is determined not by an aperture diameter of the 
front end of the nozzle but by a minimum diameter of the nozzle. 
[0022] 

In the first through fourth inventions, the expandedportion 
can be formed by dry-etching. Further, it is preferable that 
the inkjet recording head is an inkjet recording head which 
discharges the ink in a way that communicates the air-bubbles 
with the atmospheric air. 
[0023] 

A most preferable mode of the present invention is that 
the ink discharging nozzle of the inkjet recording head is 
configured to include the contracted portion of which the 
diameter contracts in the liquid discharging direction and the 
expanded portion of which the diameter expands up to the front 
end of the nozzle in the liquid discharging direction from the 
point over the contracted portion, and the meniscus is formed 
at the front end of the nozzle by filling the nozzle with the 
ink up to the front end thereof. Moreover, in the configuration 
of the expanded portion of the nozzle, a condition for forming 
the meniscus at the front end of the nozzle is satisfied by setting 
the angle of the expanded portion of the nozzle to the vertical 
line of the substrate smaller than the contact angle of the ink 
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with the substrate. 
[0024] 

Thus , the nozzle has the contracted portion and the expanded 
portion, whereby the flow velocity of the ink is retarded 
when filling the nozzle with the ink after generating the 
air-bubbles, which prevents the overshooting. A principle 
thereof will be discussed. When the meniscus in the nozzle 
becomes concave, the meniscus does not extend to the surface 
of the aperture of the front end of the nozzle. Then, force 
of the meniscus becomes larger as a radius of curvature of 
the meniscus gets smaller, and a meniscus return speed 
increases. Such being the case, with the nozzle including 
the contracted portion and the expanded portion, when filling 
the nozzle with the ink, the radius of curvature of the meniscus 
gets large in a position where the nozzle diameter between 
the contracted portion and the expanded portion is minimized, 
and hence the flow velocity of the ink filling the nozzle 
can be decreased just before reaching the front end of the 
nozzle. It is therefore feasible to restrain the overshoot 
phenomenon at the discharge port of the front end of the nozzle, 
to prevent the overflow of the ink to the periphery of the 
discharge port and to reduce the time till meniscus vibrations 
return to the normal . 
[0025] 

Furthermore, the flow velocity at the front end of the 
nozzle decreases to thereby enable the inclination of the 
meniscus state to be reduced just before being discharged, 
which is effective in the scatter in the discharge 
characteristic . 
[0026] 

Moreover, the volume of the discharge liquid droplet is 
determined not by the aperture diameter of the front end of the 
nozzlebutby the minimum diameter of the nozzle, i.e., adischarge 
quantity is determined by the portion having the minimum area 
within the nozzle. Hence, the diameter of the nozzle on the 
side of the front end is expanded as it advances in the discharging 
direction, thereby enabling the area of the discharge port at 
the front end of the nozzle to be expanded without increasing 
the volume of the discharge liquid droplet. It is therefore 
possible to discharge the small liquid droplets while 
increasing the ink retaining quantity when overshot. 
[0027] 

Moreover, with respect to such phenomena that the first 
shot of discharge gets into the failure due to the evaporation 
from the front end of the nozzle and that the precision of 
the point-of-impact onto a recording medium is lowered, the 
effect of increasing the area of the discharge port of the 
front end of the nozzle can restrain the rise in viscosity 
of the ink of the front end of the nozzle and can improve 
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the discharge performance more than by the prior arts. 
[0028] 

[Embodiments of the Invention] 

Embodiments of the present invention will hereinafter be 
described with reference to the drawings. 
[0029] 

(First Embodiment) 

FIG. 1 is a perspective view of an inkjet recording head 
according to a first embodiment of the present invention. 
FIG. 2 shows a section taken along the line A-A' in FIG. 1. 
Note that FIGS. 1, 2 and other drawings do not illustrate 
electric wirings for driving electrothermal converting 
elements. For example, a substrate 34 is used, which is 
composed of glass, ceramics, plastic or a metal . A material 
of the substrate 34 is neither essential to the present 
invention nor particularly limited if capable of functioning 
as a part of a flow path constructive member and functioning 
as a discharge energy generating element, as an ink flow path 
that will be described later on and as a support member of 
a material layer which forms an ink discharge port. This 
being the case, the first embodiment will discuss a case of 
using an Si substrate (wafer) . As illustrated in FIG. 2, 
one surface of the substrate 34 is formedwithanelectrothermal 
converting element 1 serving as a thermal energy generating 
means acting on the discharge of the ink and with an ink supply 
port 3 taking an elongate rectangular shape. The ink supply 
port 3 is an aperture of an ink supply chamber 4, which is 
constructed of an elongate groove-like through-hole formed 
in the substrate 34. The electrothermal converting elements 

1 are arranged on a per 256-pieces basis for one line on both 
sides in a longitudinal direction of the ink supply port 3, 
in which totally 512 pieces of electrothermal converting 
elements 1 are arranged in zigzag in two lines at pitches 
of 600 dpi as an interval between the electrothermal converting 
elements 1. Further, one surface of the substrate 34 is 
provided with a f lowpath constructive member 7 , and a discharge 
port plate 8 is joined onto this flow path constructive member 

7. The flow path constructive member 7 is formed with a 
plurality of ink supply paths 5 which lead inks supplied from 
the ink supply ports 3 to air-bubbles generating chambers 

2 above the respective electrothermal converting elements 
1 . The discharge port plate 8 is formed with an ink discharge 
nozzle 9 so that the air-bubbles generating chamber 2 of the 
flow path constructive member 7 communicates with the outside . 
An aperture of the front end of the ink discharge nozzle 9, 
which is exposed from the surface of the discharge port plate 

8, serves as an ink droplet discharge port 26. 
[0030] 

FIG. 3(a) is a front view of the discharge portion formed 
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in the inkjet recording head in the first embodiment. FIG. 
3(b) is a sectional view of the discharge portion cut off 
via the discharge port and the ink flow path in FIG. 3(a) . 
FIG. 3 (c) is a sectional view in a state of filling the nozzle 
with the ink up to the discharge port in FIG. 3(b) . FIG. 
3(d) is a sectional view depicting a modified example of the 
ink discharge nozzle in FIG. 3(b) . 
[0031] 

In the recording head of the present invention, as 
illustrated in FIGS 3(b) - 3(d), the ink discharge nozzle 
9 includes a contracted portion (which is also referred to 
as a fluid control portion) of which a diameter contracts 
in a liquid discharging direction and an expanded portion 
(also called a reverse-tapered portion) of which a diameter 
expands up to the front end of the nozzle in the liquid 
discharging direction from a point over the contracted portion . 
A reference symbol 9a represents a throttle portion 9a of 
which the nozzle diameter is throttled at the minimum. More 
specifically, this throttle portion 9a is set as a 
change-of-diameter point, in which the nozzle diameter 
extending toward the change-of-diameter point from the side 
of the air-bubbles generating chamber 2 contracts in taper 
in the discharging direction but expands in taper in the 
discharging direction over a boundary of this 
change-of-diameter point. The fluid control portion has a 
function of concentrating a flow of the fluid within the nozzle 
toward the discharge port, which is caused by generating the 
air-bubbles. 
[0032] 

Note that the discharge port plate and the flow path 
constructive member are not separate members but the same 
member as illustrated in FIG. 2, however, the same effect 
is acquired by the separate members. Further, the 
electrothermal converting element 1 is 18um in square. A 
height of the ink flow path 5 is on the order of lOum, a thickness 
of the discharge port plate 8 serving also as the flow path 
constructive member is lOum, and an aperture diameter of the 
nozzle is 7um at the throttle portion 9a defined as the 
change-of-diameter point of the ink discharge nozzle 9. 
[0033] 

Moreover, with respect to the port ion (the reverse-tapered 
portion) , extending in the discharging direction at the 
boundary of the throttle portion 9a, of the ink discharge 
nozzle 9, a depth of the discharge port plate 8 in the direction 
of the vertical line is 3um, and a taper angle of the discharge 
port plate 8 from the vertical line is 20 degrees because of 
the ink contact angle being 30 degrees. Further, with respect 
to the portion (the fluid control portion) also, on the side 
of the air-bubbles generating chamber 2 at the boundary of 
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the throttle portion 9a, of the ink discharge nozzle 9, the 
taper angle of the discharge port plate 8 from the vertical 
line is 20 degrees. Thus, the taper angle is set smaller than 
the contact angle of the ink with the discharge port plate member, 
whereby the nozzle is, as illustrated in FIG. 3(c), filled 
with the ink up to the front end of the ink discharge nozzle. 
Namely, the meniscus returns up to the front end of the nozzle . 
Then, the diameter (the aperture diameter of the front end 
of the nozzle) of the discharge port 26 of the surface of 
the discharge port plate 8 becomes approximately 9p.m. 
[0034] 

The first embodiment takes a discharge method (which is 
a so-called bubble-through method) by which the air-bubbles 
generated when film-boiling the ink with the electrothermal 
converting element 1 communicate with the atmospheric air 
through the ink discharge nozzle 9. 
[0 0 3 5] 

The inventors made detailed examinations about the ink jet 
recording head having this type of discharge portion, as a result 
of which it was confirmed according to the nozzle shape of the 
present invention that a volume of a liquid droplet discharged 
from the discharge port of the ink discharge nozzle 9 when 
generating the air-bubbles is determined not by an aperture 
diameter (a diameter of the discharge port) of the front end 
of the nozzle but by a minimum diameter (a diameter of the throttle 
portion 9a) of the nozzle. Further, only a part of the portion 
on the side of the front end of the nozzle is formed as the 
reverse-tapered portion having the dimension described above. 
With this contrivance, the stable discharge is obtained without 
instability of the discharge because of entering the 
reverse-tapered area after a fluid pressure necessary for 
discharging the ink sufficiently has increased owing the 
generation of the air-bubbles of the ink. 
[0036] 

Further, in the observation of the overshoot phenomenon 
of the meniscus when refilling the ink discharge nozzle 9 
with the ink, the convex meniscus protruding f romthe discharge 
portion 26 of the front end of the nozzle having the 
conventional nozzle configuration depicted in FIG. 13 can 
be clearly observed but is hardly perceptible in the first 
embodiment . 
[0037] 

Actually, as illustrated in FIG . 4, the maximum generation 
of the air-bubbles occurs in FIG. 4 (a) , and the meniscus returns 
toward the front end of the nozzle for the refilling of the 
ink in FIGS . 4 (b) and 4 (c) . Especially in FIG. 4(b), a radius 
of curvature of the meniscus rises from the contact angle 
of the ink with the material of the discharge port plate 8, 
and a capillary pressure increases. Further, in FIG. 4(c), 
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the radius of curvature of the meniscus decreases, and the 
capillary pressure is reduced. In the returning process of 
the meniscus for the filling of the ink, the radius of curvature 
of the meniscus increases at the throttle portion 9a of the 
ink discharge nozzle 9, and hence the flow velocity of the 
ink filling the ink discharge nozzle 9 can be lowered just 
before reaching the front end of the ink discharge nozzle 
9. Therefore, it is feasible to restrain the overshoot 
phenomenon at the discharge port of the front end of the nozzle, 
to prevent the overflow of the ink to the periphery of the 
discharge port 26 and to reduce the period of time till the 
meniscus vibrations return to the normal. Further, the flow 
velocity decreases at the front end of the nozzle, thereby 
enabling the inclination of the meniscus state to be reduced 
just before being discharged. In the conventional inkjet 
recording head, the overflow of the ink occurs when driven 
at 30kHz. By contrast, the occurrence of the overflow of 
the ink can be restrained even when driven at 60kHz, and a 
preferable discharge characteristics are acquired. 
[0038] 

Moreover, in the first embodiment, the nozzle depth of 
the portion (the fluid control portion) extending to the 
throttle portion 9a from the side of the air-bubbles generating 
chamber in the ink discharge nozzle 9 is set to 7um, however, 
the same effect is acquired in such a configuration that the 
nozzle depth is set to 5um, the reverse-tapered portion is set 
to 3um, and a rectilinear portion 9b with the nozzle diameter 
remaining unchanged is formed 2um long as illustrated in FIG. 
3(d). 
[0039] 

(Second Embodiment) 

FIG. 5(a) is a sectional view of the discharge portion, 
of the inkjet recording head in a second embodiment of the 
present invention, cut off via the discharge port and the 
ink flow path. FIG. 5 (b) is an enlarged view in the vicinity 
of the front end of the ink discharge nozzle in FIG. 5(a) . 
FIG. 5 (c) illustrates a modified example of the ink discharge 
nozzle in FIG. 5(a) . The following discussion will be focused 
on different points from the first embodiment. 

[0040] 

In the second embodiment also, as illustrated in FIGS. 
5(a) and 5(c), the ink discharge nozzle 9 includes the 
contracted portion (which is also referred to as the fluid 
control portion) of which the diameter contracts in the liquid 
discharging direction and the expanded portion (also called 
the reverse-tapered portion) of which the diameter expands 
up to the front end of the nozzle in the liquid discharging 
direction from the point over the contracted portion. The 
reference symbol ,9a represents the throttle portion 9a of 
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which the nozzle diameter is throttled at the minimum. More 
specifically, this throttle portion 9a is set as the 
change-of-diameter point, in which the nozzle diameter 
extending toward the change-of-diameter point from the side 
of the air-bubbles generating chamber 2 contracts in taper 
in the discharging direction but expands in taper in the 
discharging direction over the boundary of this 
change-of-diameter point . A difference as compared with the 
first embodiment is, however, a configuration of the portion 

(the fluid control portion) of the ink discharge nozzle 9, 
which extends from the side of the air-bubbles generating 
chamber 2 toward the change-of-diameter point. 

[0041] 

In the second embodiment, the aperture diameter, on the 
side of the air-bubbles generating chamber 2, of the ink 
discharge nozzle 9 is formed larger than the aperture diameter 

(which is the diameter of the discharger port 26 of the surface 
of the discharge port plate 8) of the front end of the ink 
discharge nozzle 9. The depth of the fluid control portion 
of the ink discharge nozzle9is 7 um thick, the aperture diameter, 
on the side of the air-bubbles generating chamber 2, of the fluid 
control portion is 20um, and the taper angle of the fluid control 
portion as depicted in FIG. 5(a) is set to 20 degrees to the 
vertical line of the discharge port plate 8 . Hence, the aperture 
diameter, on the side of the discharge port plate, of the fluid 
control portion is 15um. Further, the portion (the 
reverse-tapered portion) , extending in the discharging 
direction at the boundary of the throttle portion 9a, of the 
ink discharge nozzle 9 is formed 3um in depth, and the taper 
angle of the reverse-tapered portion is 20 degrees to the 
vertical line of the discharge port plate 8. 

[0042] 

Moreover, as illustrated in FIG. 5 (b) , the surface of the 
discharge port plate 8 undergoes a water-repellent treatment, 
and a water-repellent material 10 applied on the plate surface 
is 0 . 5um in layer thickness . The surface of the discharge port 
plate is subjected to this water-repellent treatment, and 
hence an inside portion of the front end of the nozzle has 
a water-repellent area corresponding to the thickness 
thereof. 
[0043] 

In the configuration such as this, unless the thickness 
of the reverse-tapered portion in the discharge port plate 
8 is larger than the thickness of the water-repellent material 
10, the ink does not return to the reverse- tapered portion, 
and therefore the thickness is set to 3um. 
[0044] 

As depicted in FIG. 5, an edge angle made by the fluid 
control portion and a side wall of the reverse-tapered portion 
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is large as compared with the first embodiment, and hence, 
when the liquid moves to the reverse-tapered portion from 
the fluid control portion, the flow velocity abruptly becomes 
lower than in the first embodiment, with the result that a 
larger effect than in the first embodiment is obtained. 
[0045] 

It is observed from the examinations made by the present 
inventors that in the conventional configuration including 
the discharge nozzle of which the front end is not 
reverse-tapered, the time expended for refilling the front 
end of the discharge nozzle with the ink is approximately 
lus . By contrast, in the nozzle configuration of the present 
invention, a period of time of about 2us can be expended, and 
the flow velocity can be reduced down to about 1/2. Thus, 
only the front end of the discharge nozzle is formed in the 
reverse-tapered shape, whereby the return speed of the 
meniscus can be decreased simply by retarding the time of 
merely last several microseconds (us) of the entire period 
of time for refilling the discharge nozzle to the front end 
with the ink. 
[0046] 

Furthermore, in the second embodiment, the nozzle depth 
of the fluid control portion in the ink discharge nozzle 9 
is set to 7um, however, the same effect is acquired in such 
a configuration that the nozzle depth is set to 5um, the 
reverse-tapered portion is set to 3um, and the rectilinear 
portion 9b with the nozzle diameter remaining unchanged is formed 
about 2um long as illustrated in FIG. 5(d). 
[0.047] 

(Third Embodiment) 

FIG. 6 is a sectional view of a portion vicinal to the 
discharge portion of the inkjet recording head in a third 
embodiment of the present invention, which is cut along the 
ink flow path. In a mode depicted in FIG. 6, the basic 
configuration is the same as that of the second embodiment, 
however, a different point is that the taper angle of the 
reverse-tapered portion is set to 2 6 degrees to the vertical 
line of the discharge port plate 8, thus getting further 
approximate to 30 degrees defined as the contact angle of 
the ink with the discharge port plate. With this 
configuration, in the pre-discharge shape of the meniscus 
formed at the front end of the discharge nozzle, the concave 
shape gets moderate, the meniscus shape in every discharge 
nozzle is stabilized, and the scatter in discharge volume 
is reduced. 
[0048] 

(Other Embodiments) 

A method of manufacturing the discharge portion of the 
thus-configured inkjet recording head will hereinafter be 
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briefly described with reference to the FIGS. 7-11. Note 
that FIGS 8-11 show manufacturing steps in separation for 
the convenience's sake, and the respective steps 
consecutively continue to the sequence in the drawings. 
[0049] 

The method of manufacturing the ink jet recording head 
described above involves executing a first step of forming 
an element substrate 34 formed with the electrothermal 
converting element 1 and the electric wiring, a second step 
of respectively forming an upper resin layer 41 and a lower 
resin layer 42 which build up the ink supply path, the 
air-bubbles generating chamber and the ink discharge nozzle, 
a third step of forming a desired pattern serving as a part 
of the ink discharge nozzle on the upper resin layer 41 and 
forming the inclination on the side surface of this resin 
layer pattern, and a fourth step of forming desired patterns 
serving as the air-bubbles generating chamber and the ink 
supply path on the lower resin layer 42. 
[0050] 

Further, the inkjet recording, head manufacturing method 
involves executing a fifth step of forming a coating resin 
layer 43 serving as the discharge port plate 8 on the upper 
resin layer 41 and the lower resin layer 42, a sixth step 
of forming a remaining portion of the ink discharge nozzle 
on the coating resin layer 43, a seventh step of forming the 
through-hole serving as the ink supply chamber 4 on the element 
substrate 34, and an eighth step of eluting the upper resin 
layer 41 and the lower resin layer 42, thus manufacturing 
the inkjet recording head. It should be noted that the inkjet 
recording head has the same structure as the structure 
illustrated in FIG. 2, however, the discharge port plate is 
not the member separate from the flow path constructive member 
but is composed of the same member as the flow path constructive 
member . 
[0051] 

The first step is a substrate forming step of forming the 
element substrate 34 by providing heaters as the plurality 
of electrothermal converting elements 1 and arranging 
predetermined wires for applying voltages to these heaters 
by a patterning process etc on, e.g., the Si chip. At this 
time, as illustrated in FIG. 8(a), a polysilicon layer 52 
is formed with a desired pattern on the surface ofaSisubstrate 
51, and further a surface polyether amide layer 54 as a high 
refractory plastic coating material is formed with a desired 
pattern via a membrane film 53. Moreover, an undersurface 
of the Si substrate 51 is formed with a silicon oxide layer 
55, and further an undersurface polyether amide layer 56 
defined as the high refractory plastic coating material is 
formed with a desired pattern. 
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[0052] 

The second step is a coating step of, as illustrated in FIGS . 
7(a), 7(b), 8(b) and 9(a), consecutively coating the lower 
resin layer 42 and the upper resin layer 41 each soluble with 
breakdown of coupling within molecules by a spin coating method 
in a way that irradiates the element substrate 34 with Deep-UV 

(ultraviolet) rays (which will hereinafter be abbreviated 
to DUV rays) as the ultraviolet rays having a wavelength of 
330nm or under. In this coating step, a thermal bridging 
type of resin material based on dehydration condensation 
reaction is employed as the lower resin layer 42, thereby 
preventing mutual fusion between the respective resin layers 
of the lower resin layer 42 and the upper resin layer 41 when 
coating the upper resin layer 41 by the spin coating method. 

[0053] 

The lower resin layer 42 involves using a liquid obtained 
by dissolving, with a cyclohexanone solvent, a dual copolymer 
( P (MMA-MAA) =90:10) polymerized by radical-polymerizing, 
e.g., methylmethacrylate (MMA) with methacrylic acid (MAA) . 
Note that (P (MMA-MAA) is an abbreviation of [Poly (methyl 
methacrylate-methacrylic acid) ] . Further, the upper resin 
layer 41 involves using a liquid obtained by dissolving, e.g., 
poly methyl isopropenyl ketone (PMIPK) with the cyclohexanone 
solvent. The dual copolymer (P (MMA-MAA) used as the lower 
resin layer forms a thermal bridging film by the dehydration 
condensation reaction. This dehydration condensation 
reaction enables a more solid bridging film to be formed by 
heating at 180°C to 200°C for 30 minutes to 2 hours. 
Incidentally, this bridging film is of a solvent-insoluble 
type but causes decomposition reaction upon being irradiated 
with electron beams such as the DUV rays, with the result 
that the low-molecularization advances and only the partial 
bridging film irradiated with the electron beams becomes 
solvent-soluble. 
[0054] 

In this example, after P (MMA-MAA) has been applied as the 
lower resin layer 42 on the element substrate 34 by the spin 
coating method, the P (MMA-MAA) is heated at 200°C for 60 min. 
Further, after PMIPK (ODUR1010A) has been coated as the upper 
resinlayer 41 by the spin coating method , the PMIPK (ODUR1010A) 
is heated at 140°C for 10 min. At this time, the lower resin 
layer is the thermal bridging type resist and does not therefore 
cause compatibility (mutual solubility) with the upper resin 
layer . 
[0055] 

The third step is, as illustrated in FIGS. 7(c) and 9(b), 
a pattern forming step of forming a desired pattern becoming 
a part of the ink discharge nozzle on the upper resin layer 
41 by fitting a filter for intercepting the DUV rays of which 
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a wavelength is less than 260nm to an exposure apparatus 
(unillustrated) which irradiates the DUV rays having the 
wavelength in the vicinity of 290nm, then irradiating Near-UV 
rays (which will hereinafter be abbreviated to NUV rays ) having 
a wavelength in the vicinity of 260nm to.330nm by use of a 
wavelength selecting means which transmits only the 
wavelengths equal to or higher than 260nm, and exposing the 
upper resin layer 41 via a mask 57 and developing the exposed 
area. 
[0056] 

In the third step, when forming the desired pattern on 
the upper resin layer 41, the upper resin layer 41 and the 
lower resin layer 42 have a difference equal to or larger 
than approximately 40:1 as a ratio of sensitivity to the NUV 
rays having the wavelength in the vicinity of 260nm through 
330nm, and hence the lower resin layer 42 is neither 
photo-sensitized nor decomposed as the P (MMA-MAA) . Further, 
the lower resin layer 42 is the thermal bridging film and 
is not therefore dissolved in a developer when developing 
the upper resin layer 41. 
[0057] 

In the fourth step, as illustrated in FIGS .7(d) and 9(b), 
the upper resin layer 41 undergoing the development and the 
pattern formation is heated at 140°C for 5 min to 20 min, 
thereby enabling the inclination of 10° to 40° to be formed 
on the side surface of the upper resin layer 41. An angle 
of this inclination has a correlation with the volume (the 
shape, the thickness) of the thus-formed pattern, the heating 
temperature and the time, and can be controlled to a designated 
angle within the range of the angles described above. 
[0058] 

The fifth step is, as depicted in FIGS. 7(e), 7(f) and 
10(a), a pattern forming step of forming desired patterns 
becoming the air-bubbles generating chamber and the ink supply 
path on the lower resin layer 42 by irradiating the DUV rays 
having the wavelength of 210nm to 330nm with the exposure 
apparatus described above, then exposing the lower resin layer 
42 defined as a positive type resist via the mask 57 and 
developing the exposed areas. Moreover, the P (MMA-MAA) 
material used for the lower resin layer 42 enables formation 
of a trench structure having a high resolution and having 
the inclination angle of the side wall that is on the order 
of 0° to 5° even with the thickness of about 5um to 20um. 
[0059] 

Further, if necessary, the lower resin layer 42 is, after 
being subjected to patterning, heated at 120° to 140°, whereby 
a further inclination- can be formed also on the side wall 
of the lower resin layer 42. 
[0060] 
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The sixth step is a coating step of coating, as shown in 
FIG. 10(f), the transparent coating resin layer 43 becoming 
the discharge port plate on the upper resin layer 41 and the 
lower resin layer 42 formed with the desiredpatterns including 
some portions of the air-bubbles generating chamber and the 
discharge nozzle in the steps executed so far and each soluble 
with the breakdown of the bridge coupling within the molecules 
due to the DUV rays . 
[0061] 

The seventh step involves, as shown in FIG. 10 (f) , coating 
the water-repellent layer 58 on the coating resin layer 43, 
irradiating the water-repellent layer 58 and the coating resin 
layer 43 with the UV rays by use of the exposure apparatus 
(unillustrated) , thus exposing a portion 59 corresponding 
to the front end of the discharge nozzle to the UV rays, 
developing the exposed portion 59 and removing it to thereby 
form the discharge port plate 8. It is desirable that an 
inclination of the side wall of the portion 50 of the front 
end of the nozzle, which is formed in the discharge port plate 
8, is formed, if possible, in the vicinity of 0° to the plane 
on which the liquid droplet is orthogonal to the main surface 
of the element substrate 34. Further, if on the order of 
0° to 10°, a large problem does not arise with respect to 
the discharge characteristic of the liquid droplet. 
[0062] 

In the seventh step, as shown in FIG. 11 (a) , the discharge 
port plate 8 is coated with an anti-etching material and is 
thus protected, and the undersurface of the element substrate 
34 undergoes a chemical etching treatment etc, thereby forming 
the through-hole becoming the ink supply chamber 4 in the 
element substrate 34. The chemical etching treatment to be 
applied is exemplified by an anisotropic etching treatment 
using a strong alkali solution (KOH, NaOH, TMAH) . 
[0063] 

The eighth step involves, as illustrated in FIG. 11(b), 
eluting respectively the upper resin layer 41 and the lower 
resin layer 42 defined as mold materials of the ink discharge 
nozzle 9 and the ink supply path 5, which are positioned between 
the element substrate 34 and an orifice substrate 8, by 
irradiating the DUV rays having the wavelength of 330nm or 
under from the side of the main surface of the element substrate 
34 in a way that transmits the coating resin layer 43 . Through 
this step, such a chip is obtained that the ink discharge 
nozzle 9 via which the discharge port 26 communicates with 
the air-bubbles generating chamber 2 includes the fluid 
control portion taking a shape that the nozzle diameter 
contracts in the discharging direction. This chip is 
electrically connected to a wiring board (unillustrated) for 
driving the heater, thereby acquiring the inkjet recording 
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head . 
[0064] 

Note that according to the inkjet recording head 
manufacturing method discussed above, the upper resin layer 
41 and the lower resin layer 42 each soluble with the breakdown 
of the bridge coupling within the molecules due to the DUV 
rays are further hierarchically structured in a thicknesswise 
direction of the element substrate 34, thereby making it 
feasible to provide the fluid control portion formed in a 
three-or-more-staged configuration within the ink discharge 
nozzle 9. For example, a multi-staged nozzle structure can 
be built up on the side of a further upper layer of the upper 
resin layer 41 by use of the resin material having the 
sensitivity to the light having the wavelength of 400nm or 
above . 
[0065] 

The recording head manufacturing method according to the 
embodiment is basically, it is preferable, pursuant to the 
recording head manufacturing method in which the inkjet 
recording methods disclosed in Japanese Patent Laid-Open 
Publication No. H04-10940 and Japanese Patent Laid-Open 
Publication No. H04-10941 serve as ink discharging means. 
These respective Publications disclose the ink droplet 
discharging methods in the configuration of communicating 
the air-bubbles generated by the heater with the atmospheric 
air and also disclose the inkjet recording heads capable of 
discharging the ink droplets of which a quantity is as minute 
as, e.g., 5pl or under. 
[0066] 

Moreover, the reverse- tapered portion of the front end 
of the ink discharge nozzle 9 is formed by dry-etching the 
portion becoming the discharge port of the coating resin layer 
43 shown in FIG. 10. For example, as illustrated in FIG. 
12, a resist pattern becoming a mask 61 for the dry etching 
for the reverse-tapered portion is coated over an etching 
target film 60. A sectional shape of this resist pattern 
is a taper shape in which an upper edge portion of a resist 
aperture is larger than a lower edge portion thereof. If 
the mask of such a pattern shape is used, a resist taper portion 
is recessed by the dry etching, thereby forming a tapered 
hole in sectional shape in the etching target film 60 . Namely, 
the sectional shape of the hole formed by the dry etching 
can be, similarly to the sectional shape of the resist pattern 
used for the mask 61, formed such as: the hole upper edge 
portion < the hole lower edge portion. 
[0067] 

Incidentally, for forming the mask 61 described above, 
the sectional shape of a positive resist pattern can be formed 
as the sectional shape having such a taper shape as to establish 
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a relation of the upper edge portion of the positive resist 
aperture < the lower edge portion of the positive resist 
aperture if a focus when exposed and a developing condition 
are adjusted by use of the positive resist for the mask pattern . 
[0068] 

[Effect of the Invention] 

As discussed above, the present invention has the 
configuration in which the nozzle discharging the ink of the 
inkjet recording head is constructed to include the contracted 
portion of which the diameter contracts in the discharging 
direction and the expanded portion of which the diameter expands 
up to the front end of the nozzle in the liquid discharging 
direction from the point over the contracted portion, and the 
meniscus is formed at the front end of the nozzle by filling 
the nozzle with the ink up to the front end thereof. With this 
configuration, when filling the nozzle with the ink, the radius 
of curvature of the meniscus increase at the portion where 
the nozzle diameter is minimized between the contracted portion 
and the expanded portion, and hence the flow velocity of the 
ink filling the nozzle can be decreased just before reaching 
the front end of the nozzle. 
[0069] 

Therefore, the overshoot phenomenon at the discharge port 
of the front end of the nozzle is restrained, thereby enabling 
the prevention of the deflection of the discharging direction 
and the failure in discharging due to the ink leakage to the 
periphery of the discharge port. Moreover, because of 
restraining the overshoot phenomenon, an amplitude of the 
meniscus vibrations reduces, and the time for which the 
vibrations returns to the normal is decreased, thereby 
enabling the drive to be done at the higher frequency. Even 
when increasing the speed of filling the nozzle with the ink 
for the necessity of performing the discharge drive at the 
higher frequency in order to form the smaller liquid droplets, 
themeniscus vibrations returns fast to the normal as described 
above, and hence the small liquid droplet head also can 
discharge the liquid droplet s with the stable volume . Further, 
the flow velocity at the front end of the nozzle decreases, 
whereby the inclination of the meniscus state can be reduced 
just before being discharged, which is effective in the scatter 
in discharge characteristics. 
[0070] 

Moreover, because of the volume of the discharge liquid 
droplet being determined not by then aperture diameter of the 
front end of the nozzle but by the minimum diameter of the nozzle, 
the diameter of the front end of the nozzle expands in the 
discharging direction, whereby the area of the discharge port 
at the front end of the nozzle can be expanded without increasing 
the volume of the discharge liquid droplet. Therefore, the 
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small liquid droplets can be discharged while increasing the 

retaining quantity of the ink when overshot. 

[0071] 

Moreover, with respect to the phenomenon that the first 
shot of discharge gets into the failure and precision of the 
point-of-impact is lowered, owing to the effect of the 
increases area of the discharge port at the front end of the 
nozzle, it is feasible to restrain the rise in viscosity of 
the ink at the front end of the nozzle and to improve the 
discharge performance to a greater degree than by the prior 
arts . 

[Brief Description of the Drawings] 

[FIG. 1] A perspective view of an inkjet recording head 
according to a first embodiment of the present invention. 
[FIG. 2] A sectional view taken along the line A-A' in FIG. 
1 . 

[FIG. 3(a)] A front view of a discharge portion formed in 
the inkjet recording head in the first embodiment; [FIG. 3 (b) ] 

A sectional view of the discharge portion cut off via the 
discharge port and an ink flow path in FIG. 3(a); [FIG. 
3(c)] A sectional view in a state of filling a nozzle with 
an ink up to the discharge port in FIG. 3(b); [FIG. 3(d)] 

A sectional view depicting a modified example of an ink 
discharge nozzle in FIG. 3(b). 

[FIG. 4] A sectional view depicting an ink flow from 
generation of air-bubbles through the filling of the ink in 
the discharge portion of the inkjet recording head in the 
first embodiment. 

[FIG. 5(a)] A sectional view of the discharge portion, of 
the inkjet recording head in a second embodiment of the present 
invention, cut off via the discharge port and the ink flow 
path; [FIG. 5(b)] An enlarged view in the vicinity of the 
front end of the ink discharge nozzle in FIG. 5(a); [FIG. 
5(c)] A sectional view showing a modified example of the ink 
discharge nozzle in FIG. 5(a). 

[FIG. 6] A sectional view of the inkjet recording head in 
a third embodiment, which is cut along the discharge portion 
and the ink flow path. 

[FIG. 7] A diagram of steps for explaining an example of 
manufacturing the discharge portion of the inkjet recording 
head of the present invention. 

[FIG. 8] A diagram of the steps for explaining the example 
of manufacturing the discharge portion of the inkjet recording 
head of the present invention. 

[FIG. 9] A diagram of the steps for explaining the example 
of manufacturing the discharge portion of the inkjet recording 
head of the present invention. 

[FIG. 10] A diagram of the steps for explaining the example 
of manufacturing the discharge portion of the inkjet recording 
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head of the present invention. 

[FIG. 11] A diagram of the steps for explaining the example 
of manufacturing the discharge portion of the inkjet recording 
head of the present invention. 

[FIG. 12] A diagram of the steps showing an example of forming 
a reverse-tapered portion of the front end of the ink discharge 
nozzle of the inkjet recording head of the present invention. 

[FIG. 13] A sectional view showing a configuration of the 
discharge portion of a conventional inkjet recording head 
and an ink flow from the generation of the air-bubbles of 
the ink to the filling of the ink. 

[FIG. 14] A sectional view showing a meniscus state at the 
discharge port of the conventional inkjet recording head. 
[Description of the Reference Numerals and Symbols] 

1 electrothermal converting element 

2 air-bubbles generating chamber 

3 ink supply port 

4 ink supply chamber 

5 ink supply path 

7 flow path constructive member 

8 discharge port plate 

9 discharge port nozzle 
9a throttle portion 

9b rectilinear portion 

10 water-repellent material 
26 discharge port 

34 element substrate 

41 upper resin layer 

42 lower resin layer 

51 Si substrate 

52 polysilicon layer 

53 membrane film 

54 surface polyether amide layer 

55 silicon oxide layer 

56 undersurface polyether amide layer 

57 mask 

58 water-repellent layer 

59 portion becoming discharge port 

60 etching target film 

61 mask 
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